Background. Based on the increased consumption of alcohol in Denmark the aim of this study was to measure prevalence of abnormal liver-derived enzymes in a homogeneous Danish population and possible associations with alcohol consumption, smoking and body mass index (BMI). Method. In a representative population sample of 905 people (aged 3D-50) from the baseline survey of the Ebeltoft Health Promotion Project in Denmark, we examined prevalence of abnormal liver-derived enzymes and its possible association with self-reported alcohol consumption, smoking and BMI, applying logistic regression analyses. Results. In a significant proportion, 12% (women 8%; men 16%) of the cohort we found raised levels of liver-derived enzymes associated with moderate self-reported alcohol intake adjusted for BMI and smoking. If the intake was higher than moderate, l.e. >28 units per week (one unit equals 12 g of alcohol), the odds ratio (OR) for raised liver enzymes increased further; S-gamma-glutamyltransferase (GGT) (OR: for women 24.4; men 18.4), S-aspartate-aminotransferase (ASAT) (24.2; 5.8) and 8-alanine-aminotransferase (ALAT) (27.2; 3.0). Furthermore, daily smoking increased the risk of raised liver enzymes in women (OR: 3.4-4.2), and obesity (BMI~30 kg/m 2 ) in men showed a positive association with all three enzymes (OR: 3.0-9.0). Conclusions. The occurrence of raised liver-derived enzymes was frequent in the Danish population sample and associated with moderate self-reported alcohol consumption adjusted for BMI and smoking.
Analyses of causes of death focus in particular on factors of lifestyle-alcohol, tobacco, and nutrition. Alcohol consumption is higher in Denmark than in Sweden and Norway." As a result, the Danish National Board of Health (NBH) started an information campaign to create awareness about alcohol consumption and its consequences.P The policy has been to reduce the proportion of people drinking above the sensible limits i.e. 21 units per week for men and 14 for women; one Danish unit equals 12 g of alcohol. The target group is the 30-50 year olds since they probably account for the vast majority of the consumption and set the trend for children and young people.i
Alcohol is toxic to the liver and can lead to cirrhosis." There are relatively trustworthy Danish statistics on the frequency of hospital admissions and deaths due to cirrhosis.i'" but the prevalence of early subclinical liver conditions related to alcohol consumption is unknown. However, it is known that alcohol is one of the most common causes of abnormal liver tests in Danish general practices." Obesity is another factor known to contribute to raised levels of liver enzymes,lO,11 but studies on their association with tobacco consumption show conflicting results. IO , 12, 13 Biochemical diagnostic tests of liver function are numerous, but S-gammaglutamyltransferase (GGT), S-aspartate-aminotransferase (ASAT), and S-alanine-aminotransferase (ALAT) are frequently used in general practice for assessing liver function in health screening'? and in patients with non-specific symptoms."
The purpose of the present study was to determine whether there is an association between self-reported moderate alcohol consumption, smoking, and/or body mass index (BMI) and prevalence of the abnormal liver derived enzymes, GGT, ASAT, ALAT, in a homogeneous Danish population.
METHODS
The present study was based on data from the Ebeltoft Health Promotion Project in Denmark; this project is a 5-year randomized, controlled, prospective populationbased project, the main aim of which is to test the usefulness of health promotion through general practitioners (GPs) at health checks and at health discussions with patients.!"
The project is taking place in the Municipality of Ebeltoft where there are nine GPs and approximately 13000 inhabitants. More than 97% of the Danish population are registered with their own GP where they receive free medical services covered by the Danish health insurance system. All Danish citizens are registered by a unique personal registration number (CPRnumber) given at birth; 2000 of the 3467 inhabitants of the Municipality, aged between 30 and 50 years, were randomly selected from the public health insurance registry through the CPR-number system.
In October 1991 an invitation was sent to the 2000 randomly selected inhabitants explaining the purpose of the study together with a short questionnaire containing general questions on age, sex, height and weight, but also questions about attitudes to health issues and smoking and alcohol habits.
An extended questionnaire was sent to those who accepted the invitation and additional questions on quality of life, life history, state of health, housing and working conditions were posed. Of the 2000 invited, 1370 (69%) returned this second questionnaire. An initial health check took place from January to May 1992, mainly to detect lifestyle-related conditions. The examination lasted one hour and comprised a general physical health examination and a few paraclinical tests. The subject of the present article is the 905 respondents who were randomized to the health check. Of the 905 participants, two were excluded because of missing data on alcohol consumption. The randomization and health promotion interventions are described in detail elsewhere. 14 The BMI was estimated according to international references, i.e. the ideal weight was defined as BMI 20.0-24.9 kg/rrr', overweight as BMI 25.0-29.9 kg/m'' corresponding to more than 20% overweight, and obesity as BMI~30 kg/rrr',
The amount of self-reported alcohol intake per week was estimated from the answers to the following questions in the short questionnaire: 'How much beer, wine or spirits do you drink on average during an ordinary week?'. The answers were divided according to type of alcoholic beverage and number of glasses or bottles, and converted into units of alcohol when transferred to computer data. A bottle of beer contains one unit, i.e, 12 g of alcohol.
Information about daily smoking was obtained by interview at the health check. Number of cigarettes, cheroots, cigars, and grams of pipe tobacco were partly converted to corresponding numbers of cigarettes, and partly to points on a scale from 0-7, with 0 indicating no srnoking.P The present study only distinguished between smokers and non-smokers.
Analytical Procedures
S-gamma-glutamyltransferase (GGT, EC 2.3.2.2.), Svaspartate-aminotransferase (ASAT, EC 2.6.1.1.), and S-alanine-aminotransferase (ALAT, EC 2.6.1.2.) were analysed at 37°C according to the principles recommended by The Scandinavian Society for Clinical Chemistry.l" Reaction conditions fulfilling the IFCC recommendations [17] [18] [19] were obtained by using commercial kits (GGT: CBR 786187, Boehringer, Mannheim, Germany; ASAT: Unimate 5 AST 0736422, Roche, Switzerland; ALAT:Unimate 5 ALT 0736392, Roche, Switzerland). Day-to-day reproducibility estimated from lyophilized QC material (Seronorm Human, Nycomed, Norway): CV < 5%. Reference intervals are shown in Table I .
Statistical analyses
Data from the questionnaires and health tests were entered into the programme Paradox" and the programme Statistix" was used for the statistical analyses.
The relationship between the dependent variables (liver-derived enzymes) and the non-dependent variables was non-linear and logistic regression analysis was used.?" Raised transaminase levels were used as dependent variables and the following explanatory variables were tested for each sex in the logistic regression analysis: alcohol consumption, smoking, BMI and age. Alcohol consumption and BMI have been treated as categorical variables and were therefore represented by dummy variables in the regression model.i" Nondrinkers was used as reference category and the remaining part of the study sample was divided into four groups of alcohol consumption: < 14.0 units, 14.0-20.9
units, 21.0-27.9 units and~28.0 units per week.
Similarly, BMI < 25.0 kg/rrr' was used as reference category for the remaining two groups: 25.0-29.9 or 30.0 kg/m", In the logistic regression we calculated the magnitude of the association between the dependent variable and each of the independent variables by means of the odds ratio (OR), which are presented with 95% confidence intervals (CI).
The variables smoking and obesity were in this context considered as confounding variables. Since age did not change the estimate of the association of interests, this variable was excluded in the final model.
The study was approved by the regional scientific ethics committee of the County of Aarhus.
RESULTS
The final study population from Ebeltoft is welldefined and representative of the 30-50 year old population in Denmark, apart from relatively few males (47.7 versus 51.2%) and a high proportion of selfemployed in the study. 14 Liver enzymes were raised more often in men than in women, in particular GGT (11.5%; 5.1%), followed by ALAT (9.8%; 4.6%) and ASAT (3.7%; 3.4%) ( Table 1) . In total, 16.1% of the men and 8.2% of the women had raised levels of one or more of the liver enzymes.
Alcohol
The mean self-reported alcohol consumption for the cohort was 9.3 units/week (5.7 units/week for women and 13.3 units/week for men). The equivalent amount of pure alcohol per year was thus 7.4 I (4.5 1and 10.5 I).
The distribution of weekly alcohol consumption showed that 74% of the women and 47% of the men drank seven units or less, while 20% and 7%, respectively, reported no alcohol consumption during an ordinary week (Figure 1 ). In all, 10.0% (95% CI : 7.4-12.8) and 19.0% (95% CI : 15.0-22.4) of the women and men, respectively, were 'risk consumers' of alcohol, i.e. they drank more than the amount recommended by the Danish NBH (14 and 21 units/week for women and men, respectively) ( Table 1) . Tables 2-4 show the crude and adjusted OR of raised liver derived enzymes associated with BMI, selfreported alcohol and tobacco consumption. There was no association with self-reported alcohol consumption of <21 units per week. The risk for abnormal liver enzymes increased with higher consumption for both sexes, but if the intake was higher than moderate, i.e. >28 units per week, the OR for raised liver enzymes increased dramatically. The OR was higher in women than in men for corresponding amount of self-reported alcohol consumption.
Tobacco
At the health check-up 46.3% (95% CI: 43.0-49.5) stated that they were smokers, and CO levels > 10 ppm were found in 37% (95% CI: 33-40) of the total participants.
The converted median tobacco consumption was 15 cigarettes daily for women and 18 for men. Daily smoking increased the risk of raised liver enzymes in women. In men, the associations showed a negative trend between daily smoking and ASAT and ALAT.
Body Mass Index
In this population 30% of the women and 59% of the men ranged between moderately and severely overweight. Moderate overweight did not increase the risk of raised liver enzymes, but obesity in men showed a positive association with all three enzymes, in particular for ALAT with an OR of 9.0. Obese women only presented risk of abnormal GGT.
DISCUSSION
This prevalence study showed that between 10% and 19% of the cohort reported an alcohol intake above the NBH recommendation. In all, 12% in the population had raised serum liver enzyme levels, the occurrence of which was strongly associated with the self-reported alcohol intake adjusted for BMI and smoking.
The self-reported alcohol intake in the cohort was at the same level as the self-reported intake in Denmark as a whole.!5,21 Information about alcohol intake and smoking may well be inaccurate because of underreporting.I' According to sales statistics the average alcohol intake in adult Danes (> 14 years of age) in 1992 was 11.8 I pure alcohol. Add to this an estimated 17% to take into account illegal sales, smuggling and distillation, resulting in a total intake of 13.8 I per year. The self-reported alcohol intake in this cohort, 7.4 I of pure alcohol (54% of the expected), was in agreement with previous Danish studies. " The self-reported use of cigarettes is only slightly underestimated in Denmark; about 90% of what it should be according to sales statistics.P In the present study only 0.38% of the non-smokers had CO-levels > 10 ppm, which suggests fairly accurate reporting.v' Non-responders were few in the present study, but one would expect them to drink and smoke more than responders. 24, 25 Since the participants knew that they had to go through a health check-up, it might be expected that the liver tests would show minimum values, because some of the people might have reduced their alcohol intake immediately before the check-up. The participants were not aware of the fact that liver tests were to be taken. If some participants had reduced their alcohol intake, the findings of this study would have been stronger without this bias. The half-life of the enzymes in question is from days to weeks.
The strong association between smoking and increased serum enzyme levels in women was an unexpected finding, which cannot be explained by heavier smoking in women since their median self-reported tobacco use in the present study was less than that of the men. This association has been described previously, ll,!2 but with varying results.l ' Knowing that smoking is associated with drinking, one explanation could be that women might underreport their alcohol intake more than their smoking.
A large part of the Danish population is overweight.P Obesity is commonest above the age of 45 in both sexes, but in the present cohort of 30-50 year olds the proportion of overweight and in particular obesity was also very high. Overweight is a known cause of raised serum liver enzyme levels, in particular ALAT, as was found in the men in the present study. 10, 26 In the Dionysos study, a prospective cohort study in North Italy, it appears that obesity (BMI~27) and not alcohol abuse is the main cause of raised values of ALA T and the presence of fatty liverY For some unknown reason the same pattern was seen in this population for ALA T in men but not in women.
Liver enzymes are used for diagnosing and monitoring liver disease, and this study is discussed in the light of the fact that alcohol is a known aetiological agent of cirrhosis. Other studies have shown that a daily intake of 40 g of alcohol for men and 20 g for women is sufficient to increase the incidence of liver cirrhosis.P and our finding that even moderate alcohol intake in a population independently influenced serum liver enzyme levels is remarkable. Whether the raised liver enzymes are prognostically important is unknown, but they may be if they are early indicators of alcoholic liver toxicity.
Our study design does not prove any causal connection, but it is supported by the statistically strong association and the fact that other non-alcoholic parenchymatous liver diseases including hepatitis are rare in the age group we studied. 7 ,29 Furthermore, our findings are consistent with the Dionysos study where persistent signs of chronic liver disease were present in 17.5% of the cohort with drug addiction, history of liver disease, older age (~55 years), obesity (~27 kg/nr') and excessive alcohol consumption (>30 g ethanol per day) as the most important risk factors.'!
In conclusion, this study shows that the occurrence of raised liver-derived enzymes are frequent in a homogeneous Danish population aged 30-50 years and independently associated with moderate self-reported alcohol consumption. Whether this is an early marker of alcohol-related liver damage remains to be seen, but the long-term consequences of reported alcohol consumption and frequency of raised liver enzymes require follow-up.
